The 30-60-day Madden-Julian oscillation (MJO) has been documented in previous research to impact tropical cyclone (TC) activity for various tropical cyclone basins around the globe. The MJO modulates largescale convective activity throughout the tropics, and concomitantly modulates other fields known to impact tropical cyclone activity such as vertical wind shear, midlevel moisture, vertical motion, and sea level pressure. The Atlantic basin typically shows the smallest modulations in most large-scale fields of any tropical cyclone basins; however, it still experiences significant modulations in tropical cyclone activity. The convectively enhanced phases of the MJO and the phases immediately following them are typically associated with aboveaverage tropical cyclone frequency for each of the global TC basins, while the convectively suppressed phases of the MJO are typically associated with below-average tropical cyclone frequency. The number of rapid intensification periods are also shown to increase when the convectively enhanced phase of the MJO is impacting a particular tropical cyclone basin.
Introduction
The Madden-Julian oscillation (MJO) (Madden and Julian 1972 ) is a large-scale mode of tropical variability that propagates around the globe on an approximately 30-60-day time scale. As it does so, it alters large-scale fields known to impact tropical cyclone (TC) activity, such as vertical wind shear, vertical motion, relative vorticity, and low-and midlevel moisture. Gray (1979) was one of the first to note that TCs tend to cluster in time, with active periods of one to two weeks followed by quieter periods of similar length. More recently, Camargo et al. (2009) examined global TCs and showed that they were significantly modulated by the MJO.
The MJO has been shown to modulate TC activity in each of the global TC basins individually. In the North Atlantic basin, Maloney and Hartmann (2000b) demonstrated that Gulf of Mexico TC activity was much more frequent when lower-tropospheric wind anomalies associated with the MJO were westerly in the eastern Pacific than when they were easterly. Barrett and Leslie (2009) showed that enhanced upper-tropospheric divergence associated with the MJO was one of the primary drivers of increased TC activity in the Atlantic. Klotzbach (2010) and Ventrice et al. (2011) focused on the MJO's impacts on Atlantic basin main development region (MDR) TCs, showing that, when convection was enhanced in the Indian Ocean, TC activity in the Atlantic MDR was increased. Klotzbach (2012) showed that rapid intensification (RI) likelihood also increased when MJOassociated convection was enhanced in the Indian Ocean.
In the northeast Pacific basin, Maloney and Hartmann (2000a) showed that TC development increased when MJO-associated low-level westerly wind anomalies were present in the basin. Aiyyer and Molinari (2008) described an amplified MJO event in August-September 1998 and showed that TC formations were enhanced in the northeast Pacific as the convectively enhanced phase of the MJO passed over the basin. Barrett and Leslie (2009) documented increased TC formation in the northeast Pacific when upper-level divergence was located near 1208W. Klotzbach and Blake (2013) focused on the northcentral Pacific (west of 1208W) and showed that convective enhancement associated with the MJO over the eastern and central Pacific led to an increased likelihood for northcentral Pacific TC development. Liebmann et al. (1994) documented a significant increase in northwest Pacific TCs associated with the convectively active phase of the MJO. They attributed this increase to enhanced low-level cyclonic vorticity, and upper-level divergence anomalies typically experienced poleward and westward of the maximum convective enhancement. Kim et al. (2008) and Li and Zhou (2013) have also documented a basinwide increase in northwest Pacific TCs associated with the convectively enhanced phase of the MJO over the region, while noting that the convectively suppressed phase of the MJO typically resulted in reduced TC activity. Liebmann et al. (1994) found a similar increase in north Indian TCs when the convectively enhanced phase of the MJO was propagating through the region. More recently, Kikuchi and Wang (2010) found that north Indian TC development was favored when convection was enhanced over the Malay Peninsula and dry conditions were present over most of the Indian Ocean. Krishnamohan et al. (2012) showed that Bay of Bengal TCs were enhanced when the MJO's convectively enhanced phase was over the Maritime Continent and eastern parts of the Indian Ocean.
The convectively enhanced phase of the MJO was also shown to enhance TC formation in the south Indian Ocean according to early work by Liebmann et al. (1994) . Bessafi and Wheeler (2006) confirmed this result and attributed the increases in TC activity to favorable anomalies in the low-level vorticity and vertical shear patterns. Ho et al. (2006) also found frequent TC occurrences when convection was enhanced in the Indian Ocean and noted that the area of enhanced TC formation in the south Indian Ocean moved eastward with the eastward propagation of the MJO. Recently, Leroy and Wheeler (2008) have utilized this information to make intraseasonal statistical forecasts for all Southern Hemisphere TCs, including the south Indian and South Pacific regions. Hall et al. (2001) showed that significantly more TCs formed in the Australian region when the convectively enhanced phase of the MJO was present. They attributed this increase to large-scale atmospheric factors, with an emphasis on low-level vorticity.
The impact of the MJO on South Pacific TCs has also been shown. Chand and Walsh (2010) documented dramatic differences in TC genesis near Fiji, with approximately five times more TCs forming in the active phase of the MJO compared with the inactive phase.
Recently, Ramsay et al. (2012) has conducted a cluster analysis of TCs in the Southern Hemisphere and has found that the MJO enhances south Indian TC genesis when the MJO favors convective enhancement in the same region. South Pacific TC activity is favored when the MJO-enhanced convection is located over the western Pacific and Western Hemisphere.
This paper aims to expand upon the previous research by summarizing the results using a consistent metric for the MJO and a state-of-the-art reanalysis product for analysis of large-scale environmental conditions. In addition, this will be the first time to the author's knowledge that any documentation of the relationship between global rates of rapid intensification and the MJO have been conducted. Section 2 discusses the data and methodologies utilized in this manuscript, while section 3 examines how large-scale conditions, TC activity, and rapid intensification frequency are modulated by the MJO in the North Atlantic. Section 4 evaluates MJO-driven fluctuations in the northeast Pacific, while section 5 evaluates MJO-driven fluctuations in the northwest Pacific. Similar examinations for the north Indian, south Indian, and South Pacific are conducted in sections 6 through 8, respectively. Section 9 summarizes the manuscript and provides some ideas for future work.
Data and methodology
The daily phase of the MJO was determined from the methodology outlined in Wheeler and Hendon (2004) (hereafter the WH index; available online at http://cawcr. gov.au/staff/mwheeler/maproom/RMM/RMM1RMM2.74 toRealtime.txt). They utilized a multivariate EOF analysis to isolate the signal of the MJO by examining signals in both upper-and lower-level zonal winds along with outgoing longwave radiation (OLR). The two principal component (PC) time series that make up the WH MJO index are referred to as the Real-Time Multivariate MJO series 1 and 2 (RMM1 and RMM2). Their index is constructed by first removing the 120-day mean along with interannual variability associated with large-scale phenomena such as ENSO. This index is available from 1974 to present, with data missing for most of 1978 owing to issues with observations of OLR. In this analysis, only days when the WH index is greater than or equal to one are considered. Other equatorial waves, such as Kelvin waves and equatorial Rossby waves, have been shown to imprint themselves on the WH index (Roundy et al. 2009 ); however, given the long period of this analysis, the MJO is likely the primary signal being detected.
The WH index is classified into eight phases, where the current phase of the MJO is related to where the MJO is having its maximum enhancing effect on deep convection. The maximum OLR anomalies tend to be skewed toward the summer hemisphere, with this effect being more significant during the Northern Hemisphere summer (Madden and Julian 1994) . Phases 2 and 3 are associated with convective enhancement over the Indian Ocean, phases 4 and 5 are associated with convective enhancement over the Maritime Continent, phases 6 and 7 are associated with convective enhancement over the Pacific Ocean, and phases 8 and 1 are associated with convective enhancement over the Western Hemisphere.
The large-scale field calculations were calculated from the European Centre for Medium-Range Weather Forecasts (ECMWF) Interim Re-Analysis (ERAInterim) (Dee et al. 2011 ) except for OLR. The ERAInterim reanalysis was downloaded on a 0.758 by 0.758 grid from the ECMWF website (http://apps.ecmwf.int/ datasets/data/interim_full_daily/). OLR was calculated from the National Oceanic and Atmospheric Administration (NOAA) interpolated OLR dataset, which is available on a 2.58 by 2.58 grid (Liebmann and Smith 1996) .
TC statistics for the Atlantic and northeast Pacific basins were calculated from the Atlantic and northeast Pacific hurricane databases (HURDAT) maintained by the National Hurricane Center (NHC) (Jarvinen et al. 1984; Davis et al. 1984) . Joint Typhoon Warning Center (JTWC) data were utilized for the remainder of the global TC basins (e.g., northwest Pacific, north Indian, south Indian, and South Pacific Oceans) (Chu et al. 2002) . The JTWC dataset was utilized rather than the World Meteorological Organization warning centers for the remainder of the globe due to the consistency of wind-averaging times (e.g., maximum 1-min sustained winds) for all basins. All TC datasets were downloaded from Unisys Weather (http://weather.unisys. com/hurricane/index.php). Both HURDAT and JTWC datasets provide 6-hourly information on storm location and intensity. TC indices calculated for all basins are as follows: named storms (NS), hurricanes (H), major hurricanes (MH), and accumulated cyclone energy (ACE). Both the HURDAT database and the JTWC database utilize 1-min sustained winds, and the definitions of NS, H, and MH are as follows: NS are TCs with sustained winds of 34 kt (1 kt ' 0.51 m s 21 ) or greater, H are TCs with sustained winds of 64 kt or greater, and MH are TCs with sustained winds of 96 kt or greater. ACE is calculated by summing the squares of the maximum 1-min sustained wind for each 6-hourly interval when a TC is at least at NS strength (Bell et al. 2000) . TCs that formed in a particular phase of the MJO are assigned to a respective MJO phase based upon day of NS formation. For example, if a TC forms in MJO phase 1 and reaches MH status in a different MJO phase, it would be classified as a MH for MJO phase 1. This is done regardless of the MJO phase on the day that the storm reached the more intense threshold, in keeping with the approach outlined in Klotzbach (2010) .
Statistics for RI are calculated only for TCs that had an initial wind speed at or above tropical-storm strength. This methodology helps to prevent issues with tropical depression classifications. RI is calculated over a 24-h period, with a threshold for RI of 30 kt examined in this manuscript, similar to the definition used in Kaplan and DeMaria (2003) . There are likely increased uncertainties with both RI and ACE values prior to the mid-1980s when the Dvorak enhanced IR technique (Dvorak 1982) was generally adopted by both NHC and JTWC; however, these uncertainties are likely to be spread across all MJO phases and, therefore, are not expected to impact the results demonstrated here significantly. To distinguish significance in TC activity for a particular phase of the MJO from the average of all eight phases of the MJO, the methodology utilized in Hall et al. (2001) is adopted here. This approach assumes that cyclone activity is uniformly distributed between all eight phases of the MJO, and consequently the z statistic calculated for significant differences is as follows:
where p is the observed proportion of cyclogenesis activity to the number of total days within a particular MJO category, p 0 is the expected proportion of cyclogenesis activity to the total number of days within a particular MJO category (e.g., 12.5%), and S p is the estimator of the standard deviation of the fraction of cyclogenesis days, calculated as
where N represents the number of days in a category. Assuming a Gaussian distribution, the critical z value needed for the 95% significance level is 1.96. An additional significance test utilized here involves a Monte Carlo bootstrap resampling of the daily time series of TC activity (Efron 1979) . The full time series of basinwide TC activity for all MJO phases is calculated, and then one-eigth of this time series is resampled to approximate the TC activity generated in a random subset of days that matches the number of days in a particular MJO phase. This procedure is done 10 000 times, the results are sorted, and the 5% and 95% confidence intervals are determined from the 500th and 9500th value obtained. Significance is only denoted if the particular TC metric investigated passes both the t test as well as the bootstrap resampling test. In general, the bootstrap resampling test seems to be a stricter requirement than the Hall et al. (2001) test.
As stated earlier, all calculations in the following sections are made for when the MJO index, as defined by Wheeler and Hendon (2004) , has an amplitude greater than one.
MJO modulation in the North Atlantic Ocean
Analysis of the impacts of the MJO on TCs begins by examining large-scale environmental field modulation during the respective basin's TC season in the respective basin's MDR. For purposes of this study, TC season months are defined as those months when at least 95% of the basin's hurricanes (1-min sustained winds greater than or equal to 64 kt) form. The term ''hurricane'' is utilized for all basins, irrespective of the specific term typically utilized for a particular basin. Based on this classification scheme, the TC seasons are defined as follows: the North Atlantic Ocean from July to November, the northeast Pacific Ocean from June to October, the northwest Pacific Ocean from June to November, the north Indian Ocean from April to June and October to December, the south Indian Ocean from November to April, and the South Pacific Ocean from December to April. All TC statistics are calculated only for TCs forming in the months defined as the hurricane season in a particular basin. Table 1 displays the modulation of large-scale environmental fields in the North Atlantic MDR (7.58-22.58N, 758-208W) based on MJO phase. As mentioned earlier, only days where the WH MJO index is greater than or equal to one are considered. Based upon previous research by the authors and others (e.g., Camargo et al. 2009 ), the following fields are examined for the North Atlantic as well as the remainder of the global TC basins: 200-mb zonal wind, 850-mb zonal wind, 200-850-mb zonal wind shear, sea surface temperature, sea level pressure, OLR, 300-hPa omega, 850-mb relative vorticity, and 700-mb relative humidity. Statistically significant differences at the 95% level utilizing a twotailed Student's t test between the average of all eight phases and an individual phase are highlighted in boldfaced type. A total of 50 MJO events is conservatively estimated over the 34-yr period examined (approximately 1.5 coherent MJO events per basin hurricane season). The critical value needed for the 95% significance level is 2.01.
In general, deviations from the phase 1-8 average are not significant at the 95% level, except for phase 2, which exhibits deviations favorable for TC formation and phase 7, which exhibits deviations unfavorable for ). Much stronger differences for OLR are observed in other TC basins (discussed in detail in the following sections). Table 2 displays TC activity generated by storms forming in each phase of the MJO. All statistics are normalized by the number of days that the MJO spends in each phase with an amplitude greater than one during the period from July to November and then multiplied by 100, in keeping with the methodology of Klotzbach (2010) . Individual phase differences that deviate positively from the average of all eight MJO phases that are significant at the 95% level are highlighted in boldfaced type, while negative deviations significant at the 95% level are italicized. Also displayed is the percentage of basinwide ACE generated by TCs forming in individual phases, the number of normalized 24-h RI periods of at least 30 kt and the percentage chance of a TC forming in each phase undergoing at least one RI episode of at least 30 kt. Phases 1 and 2 tend to be associated with most TC formations, as well as most TCs undergoing RI and generating large levels of ACE. Phases 6 and 7 have statistically significant decreases from the all-phase average for ACE. The chance of an individual storm undergoing RI is enhanced in phases 1, 2, and 5, while it is significantly reduced in phases 3 and 6. The significance of results for individual TCs undergoing RI should be taken with some caution, given that a fairly small sample size is being investigated here. In general, the modulations discussed above are to be expected given the changes in large-scale climate patterns discussed in detail in the previous paragraphs. Figure 2 displays the named storm formation locations for all TCs that reached hurricane strength at some point during their lifetime. The number of days that the MJO was in a particular phase are also listed since the MJO preferentially spends more time in certain phases than in others. A significant cluster of TCs is evident in phases 1 and 2 in the MDR, in keeping with the results discussed in Klotzbach (2010) . A paucity of TCs in the MDR is noted in phases 6 and 7. Large differences are also observed for the Gulf of Mexico and Caribbean, similar to what was discussed by Maloney and Hartmann (2000b) . In phases 1 and 2, 17 TCs formed in the Gulf and Caribbean and reached hurricane strength, while only 5 TCs reaching hurricane strength formed in this region in phases 6 and 7. Table 3 shows how large-scale fields are modified based on MJO phase for the northeast Pacific MDR (108-17.58N, 1408-1008W). In contrast to the North Atlantic, more MJO phases show significant differences from the phase 1-8 average for various large-scale fields.
MJO modulation in the northeast Pacific Ocean
Also, magnitudes of differences between the lowest and the highest values for a particular large-scale field are also generally larger. For example, the largest difference in vertical wind shear in the North Atlantic is between phases 2 and 7 and is approximately 6.6 m s 21 . The northeast Pacific has a somewhat larger difference, with the largest in magnitude being between phases 1 and 6 at 10.9 m s 21 . Much larger differences are also noted for thermodynamic fields in the northeast Pacific compared with the North Atlantic. For example, the maximum difference magnitude between two MJO phases for OLR in the North Atlantic is 4.6 W m 22 , compared with 14.2 W m 22 in the northeast Pacific. While magnitudes of modulation of thermodynamic fields are greater in the northeast Pacific than it is in the North Atlantic, it is still less than what will be seen for other TC basins, as the convective coupling of the MJO diminishes after reaching the cooler waters of the tropical eastern Pacific (Wheeler and Kiladis 1999) . Table 4 displays northeast Pacific TC activity generated by storms forming in each phase of the MJO along with RI statistics. Phases 1, 7, and 8 are generally associated with increased TC activity along with an increased number of 24-h RI periods. Phases 3-5 have reduced TC activity compared with the average of all eight MJO phases. Differences in the amount of ACE generated between MJO phases is quite large in the northeast Pacific, from 20% of all ACE in phases 7 and 21% of all ACE in phase 8 compared to only 5% in phase 5. In general, the percentage chances of TCs undergoing RI at some point during their lifetime in the northeast Pacific does not change much from phase to phase of the MJO. The only statistically significant change from the phase 1-8 average of 38% is an increase to 50% in phase 7. Figure 3 displays the named storm formation location for all TCs intensifying into hurricanes in the northeast Pacific. There is a large increase in TC formation in the northeast Pacific just off of the coast of Mexico in phases 8 and 1. Also, there tends to be enhanced TC formation in the north-central Pacific (west of 1208W) in phase 8, as noted in Klotzbach and Blake (2013) . Activity is suppressed across the entire basin in phase 4 and especially in phase 5. Table 5 displays large-scale field modifications based on MJO phase over the northwest Pacific MDR (108-208N, 1108 . As was the case in the northeast Pacific, several MJO phases show significant differences from the phase 1-8 average for various large-scale fields. The magnitude of differences between the lowest and highest phases is much larger than for the Atlantic and somewhat larger than for the northeast Pacific. Vertical shear differences exceed 10 m s 21 between phases 3 and 7, while the difference between phases 3 and 6 for OLR was over 20 W m
MJO modulation in the northwest Pacific Ocean
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. Vertical motion differences approach 30 mb day 21 between phases 2 and 6, and relative vorticity differences near 5 3 10 26 s 21 occur between phases 1 and 2 and phases 6 and 7. Given these anomalous differences one would expect a priori to see more TC activity in the northwest Pacific when the dynamic and thermodynamic conditions are more favorable (e.g., phases 6 and 7) than when the conditions are less favorable (e.g., phases 2 and 3). Table 6 displays normalized northwest Pacific TC activity generated by storms forming in each phase of the MJO along with RI statistics. In general, TC activity is most enhanced in phases 6 and 7, with significant reductions found in phases 3-4, similar to results found in Li and Zhou (2013) . Nearly three times as many 24-h RI periods occur with TCs forming in phase 7 than forming in phase 3.
While the number of 24-h periods is much greater for phases 6 and 7 than in phases 2 and 3, the chances of individual TCs undergoing RI at some point during their lifetime does not seem to be strongly related to favorable overall large-scale conditions. For example, TCs are significantly more likely to undergo RI in phase 2, despite the fact that overall TC formation in these phases is significantly less than the phase 1-8 average. Phase 8 also shows a significant increase in the likelihood of RI, even though TC activity in this phase is close to the phase 1-8 average. Figure 4 displays the location where all TCs that reached H status at some point during their lifetime formed in the northwest Pacific. TC activity is raised throughout the basin in phases 6 and 7, but the most notable increase in activity relative to phases 2-4 is seen in the eastern part of the basin. This is to be expected, given the convective enhancement associated with the MJO is migrating from the western to the central Pacific during this time.
MJO modulation in the north Indian Ocean
MJO-driven large-scale field modulations in the north Indian Ocean MDR (7.58-17.58N, 658-958E) are displayed in Table 7 . Significant differences are seen for Fig. 2 , but for the north Indian Ocean. Table 2 , but for the north Indian Ocean. A total of 24 north Indian Ocean basin TCs underwent at least one 24-h RI period of 301 kt during the period from 1979 to 2011. most large-scale fields. OLR anomaly differences between various MJO phases are quite large, which is to be expected given that MJO events tend to initiate and have a strong amplitude in the Indian Ocean (e.g., Madden and Julian 1972) . The difference in OLR between phases 2-4 and phase 7 approaches 30 W m 22 .
Differences in other thermodynamic quantities are also quite large, with an approximately 25 mb day 21 difference in vertical motion between phases 4 and 7, and a 12% difference in relative humidity between phases 2 and 7. Overall, the combination of dynamic and thermodynamic anomalies indicates that the most favorable conditions for TC formation and intensification are experienced over the Indian Ocean in phases 4 and 5, while phases 7 and 8 have the large-scale conditions most likely to suppress TC formation. TC activity in the north Indian Ocean is enhanced in phases 1, 4, and 5 and is suppressed in phases 6-8. From examination of Fig. 5 , it appears that the enhancement in phase 1 is primarily located in the Arabian Sea, while phases 4 and 5 are associated with enhanced activity in the Bay of Bengal. TC activity in both the Arabian Sea and the Bay of Bengal is a rare occurrence in phases 6-8. In general, TC formation in the north Indian Ocean occurs infrequently, and consequently the statistical significance of the results should be interpreted with caution. RI is generally a rare event in the north Indian Ocean, so the number of 24-h periods and the percentage chance of RI have less relevance in this basin than in the other basins examined in this manuscript (Table 8) . It is impossible to test for statistical significance of the low extreme (e.g., 5% level) for major hurricanes, 24-h RI periods and chance of RI, given that each of these have over 500 zero values when the Monte Carlo test is run.
The NS formation point for all TCs that reached H status in the north Indian Ocean are displayed in Fig. 5 . Kikuchi and Wang (2010) . While the sample size for north Indian Ocean TCs is smaller than that of any of the other ocean basins examined here, there appears to be a very strong MJO-TC relationships in this basin.
MJO modulation in the south Indian Ocean
The focus of this manuscript now shifts to the Southern Hemisphere. Table 9 displays how large-scale fields are modulated by the MJO in the south Indian Ocean MDR (208-108S, 408-1308E) . Approximately 10 m s 21 difference in vertical shear is noted between phases 1 and 5. Large differences are also noted for relative vorticity, with a 4.5 3 10 26 s 21 increase in cyclonic relative vorticity (negative in the Southern Hemisphere) noted for phase 5 compared to phase 1, similar to results found by Bessafi and Wheeler (2006) . Generally, the most favorable large-scale conditions in the south Indian Ocean are typically associated with phases 3-5, while the least conducive conditions are associated with phases 7, 8, and 1.
As would be expected given the large-scale modulations discussed in the previous paragraph, significant differences in TC activity are observed in the south Indian Ocean when evaluated by the ACE metric. TC activity is enhanced in phases 3-5, with suppression noted in phases 7, 8, and 1. There are approximately three times as many 24-h RI periods in phases 2-5 than there are in phases 7, 8, and 1 (Table 10) .
Over half of all TCs forming in the south Indian Ocean in phase 2 undergo RI at some point during their lifetime, compared with only 18% in phase 7. The increased chance of RI in phase 2 may be due to the location of where TCs form in this particular phase, as they tend to form away from landmasses and therefore avoid inhibiting factors associated with land. Phase 7 tends to be associated with the suppressed convective phase of the MJO over the south Indian Ocean, and consequently, TCs that form in this particular phase tend to face an unfavorable environment for intensification. Figure 6 displays the locations of NS formation for all TCs reaching H strength in the south Indian Ocean. Several interesting observations are noted from this figure. There is generally an eastward shift in the TC genesis region, which tends to coincide with where the MJO is enhancing convection. For example, while phases 3-5 tend to be the most active phases overall for the south Indian Ocean basin, no TCs have formed and reached H strength in any of these three phases in the Mozambique Channel. TC activity near the Australian coast (east of 1108E) occurs at a much higher rate in phases 5 and 6 (19 H formations) than in phases 8 and 1 (5 H formations). Table 11 displays how large-scale fields are modulated by the MJO during the hurricane season in the South Pacific Ocean MDR (208-108S, 1358E-1508W). The most TC-favorable conditions from a thermodynamic perspective appear to be phases 6 and 7, while the most TC-favorable conditions from a dynamic perspective lag slightly in phases 7 and 8. A similar lag is observed for TC-suppressed environments. Phases 1 and 2 tend to be associated with the least favorable thermodynamic conditions, while phases 3 and 4 are associated with the least favorable dynamic conditions. Statistically significant increases in South Pacific TC activity are demonstrated for H in phases 7 and 8, coinciding with the most favorable dynamic conditions across the basin (Table 12 ). There tends to generally be a broad reduction in TC activity in phases 2-5. There are more than three times as many 24-h RI periods in phase 8 compared with phases 3 and 4.
MJO modulation in the South Pacific Ocean
Broadly speaking, there appears to be an increase in an individual TC's chance of undergoing RI relative to climatology in phases 8 and 1, with a reduced chance for an individual TC of undergoing RI in phases 2-4.
The NS formation location for all TCs forming in the South Pacific is displayed in Fig. 7 . In general, the most favored areas for TC formation tend to shift eastward as the MJO progresses eastward. Considerable differences are observed for H forming in the eastern part of the South Pacific (east of 1758E) between phases 4 and 5 versus phases 7 and 8. A total of 22 H formed east of 1758W in phases 7 and 8 compared with only three H in phases 4 and 5. This type of relationship is to be expected, given that the convectively favorable portion of the MJO is emerging in the Western Hemisphere during these two phases.
Summary and future work
This manuscript documents how tropical cyclones in each of the global TC basins are modulated by the MJO. Generally speaking, TC activity is enhanced during and immediately following the active convective phase of the MJO, with TC activity suppressed during and immediately following the convectively suppressed phase. in the Northern Hemisphere. On a normalized basis, North Atlantic ACE peaks in phases 1-2 of the MJO, with the primary peak in north Indian Ocean ACE occurring in phases 3-5 (with a secondary peak in phase 1), followed by the northwest Pacific in phases 6 and 7 and the northeast Pacific in phase 8. In the Southern Hemisphere, south Indian Ocean TC activity is generally enhanced in phases 2-5, with South Pacific Ocean TC activity enhanced in phases 6-8 and 1 (Fig. 9 ). These observations tend to validate the statements in Gray (1979) that TCs typically cluster in time for various parts of the globe.
The primary reason why TC modulation is as observed is because of changes in large-scale fields, both dynamic and thermodynamic. While the Atlantic basin tends to have the least phase-by-phase modulation by the MJO, it still exhibits large differences in TC activity. The north Indian Ocean and northwest Pacific Ocean have the largest changes in the thermodynamic fields examined here, such as OLR and vertical motion. In general, the most active phases for TC activity coincide with the most favorable combination of dynamic and thermodynamic conditions. Figure 10 provides a summary of the findings of this paper, both in terms of large-scale field modulations as well as TC activity modulations. In general, TC activity is enhanced in a particular basin when both vertical shear is reduced and vertical motion is enhanced. The figure also clearly shows eastward propagation of TCfavored areas as the MJO propagates around the globe.
The focus of this study was over the time period from 1979 to 2012. Recently, an extended MJO dataset since 1905 using surface pressure has been developed by Oliver and Thompson (2012) , and this dataset will be examined for potential evaluation of longer-term MJO signals with global TC data, recognizing that uncertainties in large-scale fields, MJO location, and intensity and TC activity all increase as one goes further back in time. A longer time series of MJO data will allow for the potential to investigate relationships between the MJO and other seasonal to multidecadal climate anomalies such as the Atlantic multidecadal oscillation (Goldenberg et al. 2001 ) and the El Niño-Southern Oscillation (Rasmusson and Carpenter 1982) . These relationships will be investigated in future work.
